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Introduction
Recently, transparent ceramics have attracted considerable attention of research due to their potential applications in solid-state lasers [1] [2] [3] [4] [5] , medical devices [6] [7] [8] , and optoelectronic devices [9] . Among the transparent ceramics produced for application as laser gain host, Yttrium aluminum garnet (YAG) ceramics has been intensively investigated. The YAG single crystal has a high fracture strength, good chemical stability, excellent thermal and optical properties. It was widely used as solid-state laser gain hosts. However, producing single crystal YAG has the drawback that it not only takes a long time to grow the crystal but also is difficult to grow large sizes. Producing transparent YAG ceramics has non of these drawbacks. Furthermore, one can also use the advanced ceramic fabrication technology to fabricate composite ceramic structures, which makes the development of a multifunctional laser feasible.
So far, various techniques and procedures for fabricating transparent YAG ceramics have been reported [10] [11] [12] [13] [14] [15] [16] . In the 1980s, DeWith and VanDijk [12] , and Seketa et al. [13] reported efforts made for fabricating transparent YAG ceramics, although only translucent ceramics were obtained. In 1995, Ikesue et al. [21] first demonstrated transparent Nd:YAG ceramics for laser application. In the early 2000s, Lu et al. [14, 15] fabricated large-scale Nd:YAG ceramic rods using precipitated powders, and achieved high efficient and high power laser emission. It was generally believed that in order to obtain transparent ceramics, pure phase, big grain size and few pores [17] are the crucial requirements on the ceramics. However, recently A. Ikesue et al studied the optical scattering in Nd:YAG transparent ceramics. They found that optical scattering was caused solely by pores [18] . The existence of a grain boundary in a ceramic has little relationship to optical scattering [19] . In this paper, YAG transparent ceramics with different microstructures were fabricated by the solid-state reaction sintering method using high-purity Al 2 O 3 , Y 2 O 3 and rare earth oxide powders as the starting materials. The effects of grain size, grain-boundary phases and pores on the transmittance of the fabricated ceramics were investigated. We showed that the existence of grain-boundary phases only affect slightly the transmission of the ceramics. nanopowders by co-precipitation using the mixture of ammonium hydrogen carbonate and ammonia as precipitator [4] . To fabricate the specimens, the starting powders were weighed so that the ratio of (Y, RE) 2 The microstructure of the samples after sintering was observed with Electron Microprobe Analysis (EPMA, Model JXA-8100, JEOL Co., Japan) as well as Energy Disperse Spectroscopy (EDS) and high resolution transmission electron microscopy (HRTEM, Model JEM-2010/2100F, JEOL Co., Japan). The transmission spectra of mirror-polished samples (1 mm thickness) were measured over the wavelength region from 200 to 2000 nm, using a spectrophotometer (Model CARY 500 Scan, Vavian Co., America).
Experimental procedure

Results and Discussions
Grain size, grain-boundary phase and pores are usually considered as the main factors affecting transmittance of ceramics [17] . Provided that the residual pores were free, the bigger the grain size was, the higher the transmittance of a ceramic. Fig.1 shows a comparison of microstructures of the YAG ceramics fabricated by Konishima Company [20] , the authors of the article and A. Ikesue et al [21] , respectively. Apparently, no pores and grain-boundary phases exist in the samples. The grain size of the samples was about 1.5, 10 and 50 µm, respectively. Despite their grain size differences, the transmittance of all the three YAG samples could reach above 80% at 1064 nm, which is near the theoretical transmittance of 83.8%. The result clearly confirms Ikesus et al's conclusion that the optical transmittance of the transparent ceramics has little relationship with the grain size. Although the size of a grain determines the length of its grain boundary, the length of a grain boundary has no relationship to optical scattering. What affects the strength of optical scattering is the thickness of the grain-boundary. As far as two grains are connected with boundary thickness far less than the optical wavelength, the effect of grain-boundary on the optical scattering could be neglected. From the EPMA image of the YAG sample, shown in Fig. 3 , it can be seen that the grain size of the ceramic is quite uniform, with an average size of about 10 µm. However, EDS of the YAG transparent ceramic show that a Al 2 O 3 grain-boundary phase exists in the sample. It is therefore to conclude that YAG transparent ceramics could still be obtained even if the Al 2 O 3 grain-boundary phase exists in the ceramics. o C for 6 hours is shown in Fig. 6 . It could be seen that the patterns were basically consistent with those of the standard X-ray diffraction of the YAG phase, and no other impurities were observed. Fig. 7(a) , it could be seen that the grain of the ceramic had uniform size, which was about 10 µm, and no grain-boundary phases and pores were observed. HRTEM of the grain boundary of the sample in Fig. 7(b) showed that the grain boundary is about 1 nm, which is rather small. Tab. I shows the spot analyses of the grain and grain boundary of the sample by EDS. 
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The spots X and Y indicate the grain and grain boundary, respectively. The compositions of both the grain and grain boundary were almost the same as the theoretical value, which suggested that no grain-boundary phase existed in the YAG ceramic. ) showed the picture and the transmittance curve of YAG:Er transparent ceramics without grain-boundary phases. From Fig. 8(b) , it could be seen that the transmittance of the YAG ceramic (with thickness of 1 mm) was 81.8% at 1064 nm, which is only about 3% higher than that of the ceramics with grain-boundary phases (Fig. 2 (b) and Fig. 4 (b) ). The experimental result demonstrates that grain-boundary phases do not significantly decrease the transmittance of a ceramic. The absorption peaks centered at 381, 488, 524, 647, 788, 969, and 1532 nm were assigned to the transitions from the 4 
Tab. I
Conclusions
The important results obtained from the present experiment are summarized as follows:
(1) Grain size has no influence on the transmittance of YAG transparent ceramics.
(2) Grain-boundary phases Al 2 O 3 and Y 2 O 3 only affect slightly the transmittance of YAG transparent ceramics, and the lower the difference between the refractive indexes of host and the grain-boundary phase is, the higher the transmittance.
(3) YAG transparent ceramics (1mm thickness) with transmittance of 81.8% at 1064 nm were produced. The sample consisted of a well-defined microstructure with a uniform grain distribution of about 10 µm in size, and no pore and grain-boundary phases were observed.
